Methylprednisolone (MP) increased the plasma and intracellular compartments and decreased the interstitial volume in intact hydrated rats. The body water moved in the opposite direction in the adrenalectomized, salt-maintained rats, and MP prevented this movement in terms of intracellular and interstitial volumes. Adrenalectomized rats which were salt depleted had an increased intracellular volume with water coming from both extracellular compartments, and MP had no effect in this group. The effect of deoxycorticosterone acetate was to increase plasma volume in the intact hydrated and in both adrenalectomized groups. The relationship between these changes in body water distribution, hematocrit, and plasma osmolality and sodium concentrations has been discussed. adrenalectomy steroid therapy sodium depletion T HE ANTAGONISTIC ACTIONS of the adrenocortical and neurohypophysial hormones on water metabolism were first emphasized by Silvette and Britton (12) and amplified by Nagareda and Gaunt (9). As an outgrowth of more recent studies which were designed to clarify the adrenal-neurohypophysial relationship (7, 8) and because of the effect of altered extracellular volume on vasopressin release (I 3, I 4), the influence of adrenalectomy, sodium depletion, and replacement therapy on body water distribution in the rat has been investigated. Significant effects were found in regard to the distribution of water in the plasma, interstitial, and intracellular volumes.
METHODS
The distribution of body water was determined in male Holtzman rats weighing 200-250 g. The animals were divided into three experimental groups referred to as: I) intact, hydrated;
2) adrenalectomized, salt; and Received for publication 26 October 1964.
3) adrenalectomized, no salt. All animals were first kept for at least 2 weeks in a quiet, temperature-controlled room. Adrenalectomy was accomplished through the lumbar approach under ether anesthesia. From the time of adrenalectomy until body fluid spaces were determined I week later, the adrenalectomized, salt group drank isotonic saline ad lib. and was given the same rat, mouse, GLF diet as the intact rats. The adrenalectomized, no salt group was maintained in the same manner as the adrenalectomized, salt group for 5 days postoperatively but was then placed on a sodium-deficient test diet (Nutritional Biochemicals Corp.) and distilled water for the last 48 hr. Methylprednisolone (MP) (Depo-Medrol, Upjohn) was injected intramuscularly in the daily dose of I mg/kg for 2 days in the hydrated, intact rats, and for 7 days in the adrenalectomized rats. DOC (deoxycorticosterone acetate, Percorten acetate, Ciba) was injected intramuscularly in the daily dose of 0.5 mg for the same period of time as the methylprednisolone. equal volume of erythrocytes after the latter had been washed three times in isotonic saline. Plasma osmolality was determined by cryoscopy using the Advanced Instrument osmometer, and plasma sodium was determined by flame photometry. Statistical comparison of results was made using Student's t test for independent variables.
RESULTS
The data in Fig. I indicate that the glucocorticoid methylprednisolone (Medrol), significantly alters the volume of all three fluid compartments in the intact, hydrated rat, the fluid leaving the interstitial space and entering both the plasma and intracellular spaces. The changes after adrenalectomy when the rats were not salt depleted were in the opposite direction, with the fluid accumulating in the interstitial space from the plasma and intracellular spaces. The interstitial and intracellular volumes were restored to normal in these rats by the administration of methylprednisolone. The adrenalectomized rats which were allowed to develop salt depletion had a marked increase in intracellular volume at the expense of the other two compartments.
Under these conditions methylprednisolone had no effect on body water distribution.
Under all three experimental conditions the only effect of DOG was to increase plasma volume.
The mean ratio of erythrocyte-to-plasma Brs2 at the time of sacrifice ranged from .o IO (Table I) .
The data in Table 2 indicate that there is a marked increase in hematocrit and a marked decrease in plasma osmolality and plasma sodium concentration in the untreated, adrenalectomized, salt-depleted rats, and these changes are prevented by the administration of DOC. There are similar but less marked changes effected by DOC in the other two groups. Methylprednisolone did not significantly increase the hematocrit in any of the experimental groups, and aside from an increase in plasma osmolality in the intact, hydrated rats, methylprednisolone did not alter plasma osmolality or sodium concentration.
DISCUSSION
The administration of the glucocorticoid, methylprednisolone, to intact, hydrated rats caused a redistribution of body water, the effect of which was to decrease interstitial volume with the water moving into the plasma and cells. The opposite effect, movement of water out of the plasma and intracellular compartment and into the interstitial volume, was seen in the adrenalectomized rats which were not salt depleted. The injection of methylprednisolone into these adrenalectomized animals prevented the redistribution of body water except in terms of plasma volume. As long ago as I 936, Harrop (5) described the evidence for a disturbance of capillary permeability in adrenal insufficiency leading to escape of Table  2 ). In support of Swingle's observations, other authors have claimed that glucocorticoids induce a movement of water out of the cell (or a decreased entry of water). During the development of adrenal insufficiency in the dog and man, there is a decrease in extracellular space with the water presumably moving into the cellular compartment (4, 6), and this abnormality is corrected in the human by hydrocortisone (6). However, the role of altered extracellular sodium concentration in these changes is not clear. The administration of a water load to adrenal-insufficient patients causes an excessive swelling of erythrocytes, and this excessive influx of water is prevented by pretreatment with cortisone (2). In contrast most of the water load in an adrenalectomized rat is retained in the extracellular fluid compartment (I I). Frost and Talmage emphasized that a water load accumulated intracellularly in the adrenalectomized rat only when sodium depletion was present (3). The effect of the mineralocorticoid deoxycorticosterone (DOC) on body water distribution in the intact, hydrated rats and in both groups of adrenalectomized animals was to increase the proportion of plasma water. DOC has previously been reported to decrease intracellular volume and expand extracellular volume in the intact dog ( I, 4), and to expand plasma volume in the adrenal-insufficient dog (I 7) and human (6). The movement of water into plasma is reflected in the decreased hematocrit in two of the three experimental groups treated with DOC ( Table  2 ). The observed mineralocorticoid-induced retention of sodium and increased osmotic pressure of the plasma may be the basic mechanism involved. The effect of adrenal hormones on body water distribution therefore depends on the nature of the ad renal hormone, the metabolic s tate of the animal, including the degree of sodium depletion, the presence or absence of adrenal insufficiency, and perhaps the species being investigated. This may be the explanation for the increase in plasma osmolality at which vasopressin is released in water-loaded subjects being treated with hydrocortisone when they are infused with hypertonic saline (8). In other words, steroids may impair movement of water out of the cell in response to
